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PROFESSOR YUKICHI OSAKA. 


Professor Yukichi Osaka, who has recently celebrated his sixtieth 
birthday and retired from the Chair Physical Chemistry Kyoto 
Imperial University, was born December 22nd the second year 
Keio (January 27th, 1867), Daishoji the Province Kaga, Japan. 
was the second son Heihachi Amaya, and was adopted his uncle, 
Nagashi Osaka, who belonged one the most honorable families his 
his heir. From his boyhood, Yukichi Osaka was distinguished 
for diligence and earnestness his studies, manifested always his 
superiority over the rest his class. came Tokyo 1885 and 
finished his general education there; then took the course chemistry 
from 1889 1892 Tokyo Imperial University, where was greatly 
influenced his master, Professor Joji Sakurai, the present President 
the Imperial Academy and Privy Councillor. Professor Sakurai great 
personage present-day Japan and his name must placed the first 
rank among the names those who have actively promoted the progress 
Science Japan, particularly the domain Chemistry. The master’s 
influence always remained throughout the later career his pupils, and 
was with Professor Osaka. His paper Acidimetry Hydrogen 
the result piece research conducted collaboration with 
Prof. Haga and published the Journal the Chemical Society 
London 1895, was his first contribution science. the autumn 
1892, was appointed the professorship chemistry the Fifth High 
School Kumamoto, where remained till 1896. his return 
Tokyo, was appointed the Chair the same subject the Higher 
Normal School Tokyo, and 1899 was sent government student 
Europe, where studied physical chemistry under Professor Ostwald 
Leipzig University, and under Professor Nernst Gottingen University. 
This was the most brilliant epoch the development classical physical 
chemistry its importance was daily new branch science 
and excellent works this field were appearing day students 
from all parts the world gathered under Professors Ostwald and 
Dr. Osaka worked among them, and his indefatigable industry resulted 
the publication several important papers, some which will referred 
After his return Japan 1902 remained one year the 
Higher Normal School Tokyo, and received the degree Rigakuhakushi 
(D. the autumn 1903, was the Chair Applied 
Electro-chemistry Kyoto Imperial University, and the following spring, 
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was transferred the Chair Physical Chemistry that university, 
which had been rendered vacant the death its first occupant, Professor 
Kenjiro Ota. For more than twenty three years, occupied this chair 
one the most eminent investigators and teachers this university until 
his sixtieth birthday, December 22nd, 1926, when, having attained the age 
limit, retired. Soon after this; received the honour being elected 
Professor Emeritus this university. From 1916 1918 was the Dean 
the Science Department this university, and under his administration, 
the department underwent great development the addition the 
institutes Zoology and Botany. 

Recalling the researches which has contributed for the benefit 
science, must first point out two particularly excellent papers: The first 
Ueber die Birotation der which has now become well- 
known work upon the catalysis the hydroxyl ion. showed 
that the decrease the rotation several kinds sugars proceeds with 
time the formula unimolecular reaction, and that the velocity the 
decrease the rotation d-glucose accelerated the presence each 
the hydrogen and hydroxylions, the effect the latter being strikingly 
great. pointed out that the measurement this decrease rotation 
therefore one the most accurate methods determining the hydroxylion. 
The other paper Ueber anodische Oxydation von Metallen elektro- 
lytische Sauerstoffentwickelung,” published jointly with Professor Coehn. 
They investigated the phenomenon overvoltage the discharge 
anion such the hydroxyl ion metal surfaces, and described the remar- 
kable behaviour nickel with which the solution potassium hydroxyde 
decomposes about 1.3 volts while with platinum requires about 1.7 
also classical paper anodic over-voltage. 

During his active service Kyoto Imperial University, very many 
papers were published under his own name under those his pupils. 
Special attention called his works relating some heterogeneous 
equilibria, especially the systems: salts and water, which devoted 
much time, thought and labour. The scientific importance such works 
clear that there need here dilate it, but when recollect 
that such investigations had great practical value also, especially the time 
the Great War, can see how paramount are the investigations this 
ficld, and can appreciate the great merit his original contributions. 
far Dr. Osaka himself was concerned, however, the technical application 
his researches was outside his purpose. The serenity his 
character and the keenness his love science are clearly manifest his 
selection subjects for research, and his mode investigation through- 
out his scientific career. Only dint his keen love science, was 


Professor Yukichi Osaka. 


able accomplish the solution some the very complicated systems 
equilibrium treated. 

was not only able but the same time, was 
excellent teacher and research director, always the laboratory, going from 
one student another, arousing and maintaining their interest the work, 
and ready discuss with them any point difficulty arising out their 
studies. His attitude toward any student his was really that father 
his son, and one who had once worked his laboratory ever could put 
out his mind the happy memory his master, nor fail maintain his 
devotion toward that master forever throughout life. His helpfulness all 
occasions was not limited the inside the laboratory only all friends 
and students entertain vivid impression his cheerfulness and good 
humour, his private charity and benevolence, and his simplicity 
manner and purity life. 

was also deeply interested the teaching chemistry general, 
and wrote excellent text book chemistry for middle schools, the first 
edition being published early 1897, including many ideas physical 
chemistry, which were that time not popular that grade chemistry 
teaching. was his opinion (also that his master, Professor Sakurai) 
that the principal ideas physical chemistry ought included the 
chemistry secondary schools; and owing their efforts the 
importance physical chemistry more widely recognized here Japan 
than, perhaps, any other country. From that time till now, his text-book 
has been popular, that most young Japanese to-day have learned 
for the first time their lives out this text-book, always 
receiving great influence from it. This service rendered him for the 
development chemistry Japan less meritorious than that his 
scientific work. 

Since retirement, has been enjoying his leisure perfect health, 
surrounded his happy family peaceful enviroument; still 
devoting the better part his time aiding the general development 


chemistry Japan. 


Shinkichi 
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EQUILIBRIA THE SYSTEMS CONTAINING WATER AND 
CHLORIDES IRON, COBALT AND 
NICKEL 


Yukichi OSAKA and Tokuzo YAGINUMA. 


Received December 16, 1927. Published January 28, 1928. 


cobalt and nickel form one the triads the eighth group 
the system the chemical elements and they have many 
similarities their chemical behaviours. have undertaken study 
the equilibria the systems their chlorides and water, as, far 
know, there has been systematic study about them. 

the equilibrium the system ferrous chloride, nickel chloride 
and water 25°, have found that they form two series solid solutions, 
one the side ferrous chloride with four molecules water crystallisa- 
tion and the other the side nickel chloride with six molecules it, and 
have reported the result lately the the 
fiir physikalische Chemie 

this article will report the equilibria the following systems 

Materials. Ferric chloride from Merck was twice recrystallised after 
Roozeboom. cobalt and nickel the purest prepara- 
tions (each free from the other) Kahlbaum was directly used. The 
ordinary distilled water was used. 

usual procedure ordinarily carried out our 
laboratory and reported several previous papers was employed. 

Analysis. The chlorine was determined Volhard’s method 
moditied Rothmund and When the solution was 
faintly pink coloured excess the cobalt salt, was removed 
addition proper quantity nickel nitrate, and vice versa, and the 
titration could carried out the presence cobalt and nickel. 

experimental work this article was performed the Physico-chemical Department 
the Chemical Institute, Kyoto Imperial University, 1926. 

physik. Chem., 130 480. 

physik. Chem., (1892), 477. 

(4) Treadwell-Hall, Analytical Vol. 4th ed., 703. 
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The nickel was determined the reaction between nickel 
salt and 

The iron. The ferric salt was first reduced the ferrous salt with 
stannous chloride and after proper treatments was finally titrated with 
potassium permanganate. 

The cobalt was estimated from the total chlorine and the quantities 


iron and nickel. 


Results. 
The System: 


The result given Table 


TABLE 


Solution. Wet residue. 
7.77 29.36 62.87 3.65 44.86 51.49 
19.08 20.95 59.97 4.95 46.09 48.96 
41.07 7.99 50.94 12.20 41.04 46.76 
3.2 7.40 50.07 3.32 
43.34 7.45 45.22 11.89 42.89 
6.58 49.47 55.46 2.03 42.51 


this and the following tables the compositions are give gram 
percentages. labile residue enclosed brackets. The result 
graphically represented Fig. 


(1) E.Grossmann, Die Bestimmungsmethoden des Nickels and Cobalts und ihre Trennung 
von der anderen 120; Brunk, angew. Chem., (1907) 834. 
Treadwell-Hall, loc. cit., 610. 


may 


Col ) 


These chlorides not form any double salt nor solid solution 
Each forms only the hexahydrates even the saturated 


5O 


solution the other. 


FeC ] 


10.24 
22.68 
26.33 
26.49 
29.77 
31.35 
37.47 
40.65 
40.61 
42.22 
46.24 
41.01 
43.39 
46.08 
49.42 
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Fig. 


The existence labile dihydrate was observed. 


The System 


Solution. 


38.88 
30.89 
22.9) 


19.86 
19.75 
18.11 

16.43 
11.88 
10.73 


result given Table and graphically Fig. 


TABLE 


Wet residue. 


49.07 
46.98 
47.18 
47.62 
43.90 
49.68 
45.55 
27.36 
15.59 
44.34 
44.52 

2.80 


Dry residue. 


and 


and 
[ 
FeClz.61 o( ) 
» 


2, 
| 
| 8 55.11 5.47 47.55 Va 
53.81 7.81 45.01 
53.76 9.14 43.19 
| 6 2.12 9.19 46.91 
5222 9.94 40.38 
50.65 13.40 41.05 
48.62 $2.32 40.31 
ri ze 10 | 10.69 48.72 44.22 40.19 
9.89 47.89 15.29 40.37 
12 | 180 «(| 46.43 16.04 | 39.44 
me 13 10.01 | 48.98 54.33 42.87 
: 15 4.37 49.55 54.86 || 44.03 


the Systems containing Water and Chlorides Iron, Cobalt 
H,0 


FeCl; NiCl, 


Fig. 

this table the labile residues are enclosed brackets. this case 
also double salt nor solution was observed may expected. 
The both chlorides are hexahydrated, but when the concentration ferric 
salt increased, nickel chloride becomes tetrahydrated. 

The System: 
The result given Table and graphically Fig. 


TABLE 


Solution. Wet residue. 
No. Dry residue. 
38.88 0.00 61.12 54.75 0.00 
4.38 61.26 41.54 12.20 46.26 (Ni, Co) 
26.13 11.83 62.04 25.32 28.71 45.97 
23.42 63.19 9.87 44.21 45.92 
10.45 26.17 63.38 7.63 46.13 46.22 
4.31 32.06 63.93 1.83 51.88 46.29 
0.00 36.08 63.92 0.00 54.59 45.41 


These chlorides form complete 


molecules water crystallisation. 


DAIS Ci COS 


} 


40.63 
40.61 
40.02 
40.71 
40.78 
40.44 
41.28 
41.31 
40.87 
40.71 
41.80 
42.35 


The System 


Solution. 


10.75 


0.00 
0.50 

2.90 
4.03 
4.89 
5.25 
6.00 
6.63 
7.58 
7.52 


‘ 
7.31 
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series 


solid 


solutions 


The result given Table 


TABLE 


48.62 
49.10 
49.69 
48.89 
49.35 
48.98 
48.71 
48.97 
48.73 
48.72 
49.05 
52.30 


FeC 


32.18 
12.62 
29.36 
34.61 
21.07 
27.38 
11.19 
20.97 
33.93 
26.82 


Wet residue. 


20.85 
17.13 
27.52 
9.95 
8.85 
9.18 
8.06 
4.81 
1.66 
1.16 


8.94 
20.58 
16.49 
15.38 
28.81 
24.55 
34.72 
28.53 
20.90 
25.33 


with six 


40.32 
41.15 
39.28 
44.20 
41.16 
40.94 
41.49 
46.03 
45.70 
43.51 
46.69 


Fig. 
9.79 
7.50 
5.92 | 
4.54 
1.86 
1.29 
| 
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The residues analysed contained some mother liquor adhering and 
was impossible find the composition dry residues from the data had, 
but they may serve least ascertain that the residues contained all the 
three chlorides. From the Phase Theory may easily seen that the 
residues consist two solid phases, and from what have seen the 
the three component systems certain that one the solid 
phases ferric chloride and the other 
cobalt and nickel chlorides. the water the solid 
solutions, may presume that the side nickel chloride they contain 
four molecules water crystallisation and the side cobalt chloride 


six molecules it, for these chlorides from 


saturated with ferric chloride with four and six molecules water 


crystallisation respectively. 

represent the result triangular diagram the terms the 
three chlorides with regard water, have calculated the 
table 


TABLE 


Solution. Solid solution. 

No. 
| 9,93 0.00 100.00 0.00 
17.08 2.97 34.12 
79.69 14.67 57.22 
11.53 7.97 37.63 
78.98 11.55 9.47 63.46 
80.79 24.16 75.84 
7.75 11.69 21.13 78.87 
80.08 6.91 13.02 18.84 81.16 
79.41 5.80 14.79 
14.35 1.38 95.62 


84.48 15.52 100,00 


» 


FeCl, 


The result graphically represented above stated the 
residues are not pure, but see approximate relation between the 
solutions and the residues they were assumed pure the plotting. 


Summary. 


The equilibria the following systems 25.0° have been studicd 


and the results have been given tables and diagrams. 


Kyoto. 


The Determination the Vapour Pressures Sodium and Potassium Chlorides. 


THE DETERMINATION THE VAPOUR PRESSURES 


SODIUM AND POTASSIUM CHLORIDES. 


Shinkichi HORIBA and Hideo BABA. 


Received December 23, 1927. Published January 28, 


was hitherto considered passably difficult bit deter- 
mine directly statically the vapour pressure substance when 
exerts quite small vapour pressure high that, even 
with alkali halides, the data those vapour given the 
literature,” which are not exceedingly small above 
determined only dynamical methods. One the present writers 
used quartz pressure indicator for the determinatioh the vapour 
pressure metallic the Chemical Laboratory Amsterdam 
Prof. Smits and has now succeeded constructing quartz pressure 
indicator the same form, whose sensitivity acute enough determine 

some fractions mm. mercury. the present experiments, the writers 


have applied this pressure indicator the direct statical determination 


the vapour pressures sodium and potassium chlorides. 


the “natrium chloratum” the Japanese Pharmacopoeia 
hydrogen chloride, and this precipitate was dried air bath and 


subjected red heat for several hours and then kept desiccator made 


sodium 


The Pressure Indicator. quartz pressure indicator 
represented Fig. Two glass windows were exactly 
the place the pointer the indicator, for the purpose detecting even 
minute deviation the pointer from its zero point. Below these windows, 


water condenser, shown the figure, served for the protection from 


heating the cement used attach the glass windows. 


— 


Magdan, anorg. allgem. Chem., (1921), 161; Wartenberg and Albrecht, 
Elektrochem., (1921), 568. 
physik. Chem., 106 (1923), 295. 


Sodium chloride was precipitated from the saturated solution 


the case potassium chloride, the purest sample 


was recrystallised and dried the same manner with the 
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pump. 


pyrometer 
pyrometer 


Bath The thermostat used was melted silver bath, 
large quartz cylinder, diameter, which had nichrome wire 
coiled two layers its seen the figure, this quartz 
cylinder stood the middle large crucible, cm. diameter, which 
was completely filled with asbestos fibre For the protection from cooling 
the upper part the silver bath well for the purpose the fine 
adjustment the temperature the furnace, earthen-ware tube, 
with coil nichrome wire, was hung over the silver bath. 

Filling the Sample the Indicator. fill the sample the 
indicator, this was first drawn out from the furnace and the sample was 
put into its bulb; then the indicator was evacuated Langmuir pump 
during days—9 hours per day, total hours; during this pumping 
the bulb and spring were constantly heated from out-side temperature 
about 600°C. Then keeping the indicator very high vacuum 
means cooling the glass tube, connected between the vacuum pump and 
the indicator, with liquid air, the indicator was sealed off. This procedure 
the pumping great importance, for, case incomplete pumping, 


| \ \ // 
| | | 
Fig. 
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the experimental results the pressure high temperature were always 
too high, owing minute adsorbed gases the sample well the 
wall the indicator, which were exceedingly difficult remove completely. 

The Method the Measurement. After complete melting the 
silver bath electric heating the furnace, the bulb the indicator was 
put just the middle the silver bath and the vapour pressure the salt 
was measured the range temperature between 1000° and 1250°C. the 
usual method indicated the figure. For the determination the 
temperature, two platinum platinum-rhodium thermocouples, calibrated with 
Sb, NaCl, and Cu, were one which was just put contact with 
the bulb the indicator and the other near the spring. The temperature 
the spring was kept always about degrees higher than that the 
sample avoid the condensation the salt vapour the inside wall the 
spring. For the determination the vapour pressure below 1000°C., the 
experiment was carried out the out-side the silver bath, was, 
therefore, somewhat inferior condition regard the homogeneity 
the temperature comparison with the work higher temperatures. 
the experiments concering NaCl, the measurements the pressure could 
carried out down 800°C.; but for KCl, not much weight could 
put upon results obtained below 900°C. 


The Results the Experiments. 


TABLE 


4.571 
800 —3045 8581 1.2 
2.5 —2851 8643 2.7 
900 4.5 2635 8787 5.7 
991 15. 8524 147 
1141 61.5 —1543 8669 61.5 
100 8669 100.0 
8701 157.0 


§ 
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TABLE 


Vapour Pressure KCl. 8007, 4.697. 


2394 5.6 
—2101 15.8 
—1984 19.4 
30.5 
42.6 
62.5 
89.9 
152. 


211. 


Applying the Clausius- 
above experimental results, 
the constants could 
determined; from this 
equation the vapour pressure 
could then calculated, 
which was shown the last 
column the above tables. 
Heats Vapourisation 
and Dissociation. 

Table the case NaCl, 


-2000 


4.571 
then the heat vapourisa- 
tion NaCl, 39.6 Cal, 
From Table the case 


800 850 909 950 1000 1050 1100 1150 1200 1250 


temp, °C. 
NaCl then the heat vapourisa- 
Fig. tion KCl, 36.6 Cal. 


750 
13. 
980 
32. 
152. 
| | | | | 
| 4 
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Now shall try find 


the heats dissociation 
the following reactions 


| 


Na*, Cl- NaCi (g) 

Consider cycle represented 
A 


above. Then easily seen 


that the lattice energy 
heat dissociation solid 
NaCl into ionic gases equal 
the sum the heat 


melting, the heat vapouri- 
sation, and the heat disso- 
ciation gaseous NaCl into 
20r 
gaseous ions, 
+ 
temp. °C. 
and have, 
Fig. 
KCl: 165 86.0 (Plato, writers) 
Then the heat dissociation gaseous NaCl: 
Cal. 


and that 

Cal. 

Here this calculation, have neglected the temperature dependency the 
difference between the specific heats solid and gas. Speaking more precisely, see the 
value the next page. 

Physik, (1923), 149. 

(2) Landolt, Tabellen (1923), 1425. 


200}— - + + + 
190} + * + 
160} 
| | fol \ | 
We 
‘ i 
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The Dissociation Constant NaCl. rough calculation 
the dissociation constant NaCl will given only show the order its 
value. the reaction, 


NaCl (s) Na* (g) 
the maximum work the decrease the free energy 
the other hand, 
TAs, 


where the heat this reaction and will expressed 


5 rn T ry’ x. 


289 
0 


where the lattice energy NaCl absolute zero degree. 
Assuming that ionic gas, such Na*, behaves mono-atomic 
gus, can easily calculate its entropy 


5 5 » 3 > 
Then the sum the entropies one mol and each 


left aside when the pressure each ion one atmosphere. 


our present purpose, rough calculation for the expression sufficient. 


shall first divide this integral into two parts, that below and above the tempera- 
298 

ture 298°; the part below this temperature have 2110 cal. from Einstein’s 


approximately. 
Tolman used, his calculation (J. Am. Chem. Soc., 1630) experimental value 
—3.2 cal. instead this expression, but the writers here applied the theoretical 


value. 


7 
ae: 
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Next, the entropy solid NaCl will calculated 
4 ‘ T 
0 


Neglecting the term and assuming that the specific heat NaCl 
above 25°C. will obey Dulong-Petit’s law, have 


Then 4S Su—S; 


Finally have 


This equation will applied the temperature between 25° and 800°C., 
and the melting point NaCl 800°C. have 


Summary. 


The vapour pressures KCl the temperature 1250°C. 
were statically determined. 

The heats vapourisation and dissociation these salts were 
calculated from the values their vapour pressures and the order the 
value the dissociation constant NaCl gaseous state was given. 


December 1927. 
The Institute for Chemical Research, Kyoto. 


(1) Taylor, treatise physical chemistry (1925), 1157. 
(2) Magnus (Physik. Z., gave 13.33 between 18° and 763°C. 
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THE DECOMPOSITION CARBON MONOXIDE 
THE PRESENCE REDUCED NICKEL. 


(Preliminary Report) 


Shinkichi HORIBA and Taikei RI. 
Received December 23, 1927. Published January 28, 


one the most simple catalytic reactions, may cite the decom- 
position carbon monoxide the presence reduced nickel: 


2CO 


Although many studies this reaction have been given the literature, 
still more comprehensive investigation such simple catalytic reaction 
desired, for would, the writers’ opinion, contribute some 
important materials facilitate the theoretical studies contact catalysis, 
which one the most interesting problems physical chemistry the 
present time. 

Since this catalytic reaction had been found 
1863, was studied many investigators, but their modes investigation 
can, general, divided into two classes; namely, the first related 
chemical (equilibrium), and the other the kinetics the reaction. 
The number report belonging the former class very since 
the investigation the equilibrium this reaction has much value 
technics, while that the latter class far the 
present writers know, there investigation this reaction which 
simultaneously studied from the two view points reaction statics and 
kinetics. The writers have, therefore, constructed improved apparatus 
for the measurement the reaction velocities well the equilibrium, 
the hope elucidating the relationship that may established between 
the reaction statics and the reaction kinetics and also deduce the mechan- 
ism the nickel catalyst. the present paper, preliminary note, 
only the description the apparatus constructed and some results ex- 
periments will given. 

Deville, Compt. rend., (1863), 729. 

Boudouard, Ann. phys., (1901), Max Mayer, Karls- 
ruhe,” (1908); Read and Wheeler, Chem. Soc., (1910), ibid., (1911), 1140; 
Arndt and Schraube, Dissertation Charlottenburg (1911); Falcke, Elektrochem., (1921), 
268; Jellinek and Dithem, anorg. allgem. Chem., 124 (1922), Falcke and Fischer, 
Elektrochem., (1926), 194; Falcke, ibid., (1927), Alfred Stansfield, Trans. Am. Elektro- 
chem. Soc., (1927), 

(3) Schenk and Zimmermann, Ber., (1903), 1231 3663; Smits and Wolff, physik. Chem., 

(1903), 199; Cleminson and H.V.A. Briscoe, Chem. (1926), 2148. 
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Fig. 


Apparatus the Measurements. The apparatus constructed main- 
the reaction vessel (made Pyrex glass) provided with spring mano- 
meter and with two capillary tubes which are furnished with cocks 
and and when these cocks are closed the internal volume this reaction 
vessel about The catalyst was plac into the part the vessel. 
The cock specially made one, diameter and 
length, two sides which were sealed means mercury from the 
atmosphere. this cock, the least possible modicum grease was applied 
for the sake lubrication two sides it, but absolutely none the 
middle part the cock; the employment such cock vast impor- 
tance the present experiment, otherwise minute trace grease may 
enter into the reaction vessel accompanying the stream carbon monoxide, 
when the latter was charged into the evacuated vessel The bath 
made melted mixture sodium and potassium nitrates equi- 
molecular proportion, provided with two glass rods for stirring. 

that part the apparatus intended secure the perfect sealing 
the cock prevent any leaking gas through the nongreased portion 
and this sealing was performed shutting the Y-formed glass tube 
with mercury, bringing the mercury reservoir prevent the 
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contamination the mercury the grease, the other cock which was 
constructed the same form was employed. 

the apparatus for charging the reaction vessel with the gas, and 
was also used merely prevent the entering the grease into the reaction 
vessel. The glass tube drawn out one end into fine point and 
sealed, and piece soft iron covered with glass. charging the 
reaction vessel with the gas from the preheater into which the gas had 
previousiy been poured, the soft iron falls the end the glass tube 
means magnet and breaks it: consequence the gas streams into the 
evacuated reaction vessel through the Y-formed tube and cock 

the preheater the reacting gas before poured into the reac- 
tion vessel, and was used for the purpose equalizing the temperature 
the gas and that the reaction vessel for heating furnace 
was used, and its temperature was measured platinum platinum-rho- 
dium thermocouple. 

the pump raise the pressure the gas the preheater the 
desired amount. Its height about em. and was filled with 
the height For supplying the pressure this pump CO, 
bomb was used shown the figure. 

Materials. The catalyst used was prepared ignition pure nickel 
nitrate (NO,),.6H,O (Kahlbaum, free) crucible, subjected red 
heat during one day, and then the NiO thus prepared (about was 
introduced into the reaction vessel and reduced electrolytic hydrogen 
(purified) temperature 280°C. 

Carbon monoxide was prepared dropping pure formic acid 
heated acid 100°C. and this was purified passing three 
each KOH solution and solution, two bottles 
H,SO, and then tube, and was found that the purity the 
thus prepared carbon monoxide was 100%. 

The Method the Measurements. The vessel was heated 
the nitrate bath the desired temperature and the whole apparatus was 
evacuated with Cenco Hyvac pump, leaving open all the cocks except 
and until the Geisler tube, which was the pump, showed 
fluorescence. Then the cocks and were closed and through the cock 
purified carbon monoxide was introduced into the pump and preheater 
Next, with the aid pump carbon monoxide was compressed into 
the preheater, which was heated the same temperature the reaction 
vessel, the desired pressure. The pressure before pouring into 
the reaction vessel was read means the mercury manometer from 
this reading the pressure, the pressure, which would the 
gas the reaction vessel after being charged, could expected. Now the 
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soft iron piece above mentioned has made fallen and broken the end the 
narrow tube thus the gas streamed into the reaction vessel When all 
the systems had reached equilibrium pressure, the cock was opened, 
then the mereury ran from the reservoir, which was held previously 
suitable height, into the Y-formed tube and sealed this part. The cocks 
and then, were quickly closed, the pressure the reaction vessel the 
initial time being read the M,; the time required 
this charging process the gas was only about seconds. The gas thus 
enclosed the reaction vessel constant volume the above pro- 
cedure decomposes CO, and the presence the nickel catalyst. 
During the progress the reaction, the pressure change the reaction 
vessel easily indicated the spring manometer. Adjusting the outer 
pressure the spring means the cocks and and keeping the 
pointer the spring manometer the zero position, the pressure the 
reaction vessel any time was measured. reading the pressure from 
time time this way, the decomposition velocity the gas was deter- 
mined. 

The Experimental Results. The results the four series experi- 
ments the vicinity 230°C., applying the same catalyst, were follows: 


TABLE 
232.5°C.) 


Time. (min.) Press. (mm.) 

0.00 
2.42 256.2 0.0204 
3.73 243.1 0.0264 

5.88 231.0 

8.23 219.6 

11.27 207.2 0.0240 

12.90 201.7 0,0238 
14.18 197.7 

15.10 194.1 0.0240 
17.56 190.6 0.0222 

20.18 183.7 
22.08 178.5 0.0225 
25.69 1758 0.0204 


(remained constant for about 
min. and then increased 
very slowly.) 


a 
| 
= 
j 
q 4 
| 
| 
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J 
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Time. 


0.00 
1.00 
2.87 
4.75 
7.00 
8.70 
11.63 
13.10 
14.50 
16.95 
19.27 
21.68 
24.30 
26.75 
30.10 


$2.72 


38.22 


Time. (min.) 


0.00 
1.05 
2.53 
B95 
SAS 
7.18 
9.12 
11.40 
13.48 
16.80 
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TABLE 


Press. (mm.) 


(tended increase; after 
about min. increased 


178.0 min.) 


179.9 
174.9 
170.6 
167.9 
162.8 


TABLE 


233.5 


Press. 


272.0 
253.9 
242.7 
929 


216.8 
209.1 
200.1 
196.8 
190.8 
185.6 
179.2 
168.6 


(tended increase; 
about min. increased 


176.2 mm.) 


after 


2.303 


(time min 


0.0697 
0.0268 
0.0239 
0.0230 
0.0222 
0.0219 
0.0207 
0.0203 
0.0201 
0.0204 
0.0205 
0.0195 
0.0187 


2.303 


(time min.) 


0.0592 
0.0423 
0.0379 
0.0333 
0.0312 
0.0296 
0.0287 
0.0260 
0.0258 
0.0261 
0.0257 
0.0262 


272.7 
255.1 
242.4 
235.4 
217.3 
207.8 
202.1 
197.2 
192.0 | 
186.4 
} | 
) 
23.73 
26.72 


the Decomposition Carbon Monoxide the Presence Reduced Nickel. 
TABLE 


(at 231.5°C.) 


9 202 
Time. (min.) Press. (mm.) 
0.00 253.3 
1.08 239.1 0.0472 
2.40 229.0 0.0385 
3.83 221.1 0.0333 
5.15 215. 0.0301 
6.90 206.5 0.0290 
9.07 199.4 
11.72 191.0 0.0250 
15.20 182.3 0.0235 
17.93 177.8 0.0219 
20.60 172.3 0.0215 
23.82 167.1 0.0209 
27.53 162.2 
31.57 155.8 0.0202 
152.8 0.0185 


(remained for 
min.; after min. in- 
creased 163.3 mm.) 


The values the third column were obtained the application 
the ordinary monomolecular reaction formula, 


where and denote the initial pressure and the pressure time respec- 
tively. 

every experiment, the constancy the reaction constant, after about 
minutes, quite good, and shows that the decomposition carbon 
monoxide monomolecular. Now what about the rapid decreasing the 
pressure the initial period the reaction? The writers hold the opinion 
that might mainly due the adsorption carbon monoxide 
reduced nickel. fact, take the adsorption 


where denotes the total amount adsorbed when equilibrium attained, 
and the amount adsorbed the time have approximate constant 
about the adsorption velocity constant k’, after choosing suitable 
values from the data the above experiments, for examples: 


(1) Blythswood and Allen, Phil. Mag., (1905), 497. 
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TABLE 
(from Table 
0.90 
1.00 17.6 
2.87 30.3 0.0848 
4.75 37.3 
7.00 0.0695 
8.70 51.6 0.0656 
9.90 55.4 0.0676) 
60.8 0.0738 
64.9 0.0834 
(from Table 
0,00 
1.08 14.2 
5.15 38.2 
6.90 46.8 0.0732 
9.07 53.9 0.0 
11.72 0.0780 
| | 


| 


may say, not all improbable that reduced nickel has such 
degree adsorptive power towards carbon monoxide even that tem- 
perature, noticed remarkable adsorptive power low temperature. 
About the latter, the writers have already carried out experiments, which 
will published the near future. 

seen the present experiments, the decomposition carbon 
monoxide not complete those temperatures. This result contradicts 
the prediction from the studies chemical statics this reaction, which 
had been out many investigators, and requires further studies 
clear reason for this. 

shown the tables 1-4, every experiment, the pressure the 
end the reaction tends increase, even this velocity increasing 
pressure exceedingly small compared that the decomposition the 
gas. The cause this increasing the pressure not yet clear. The 
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writers hold the opinion that depends upon the reaction between carbon 
dioxide carbon monoxide and hydrogen; the latter would brought 
into the system the adsorption the catalyst when was 
The experiments connection with this problem are now procecding. 

Even the some difficulties above described this reaction still 
remain, quite certain that the decomposition monoxide the 
presence nickel monomolecular and may, therefore; 
explained Langmuir’s theory heterogeneous reaction. But this theo- 
discussion will left until more comprehensive examination 


concluded. 
Summary. 


improved apparatus for the contact catalysis was 
described. 
The decomposition monoxide the presence reduced 
nickel monomolecular reaction the vicinity 230°C. 
December 1927. 
The Institute for Chemical Research, 
Kyoto. 
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Introduction. the previous papers this the action 
hydrogen chloride methyl ether and water was described. was 
shown that the volume contraction pressure which will take 
place when the two component gases are mixed was due the addition 
reaction prevailing between them, and this reaction was ascribed the 
ability the oxygen atom which contained both ether and 
water act quadrivalent. 

alcohol similar its constitution methyl ether and water 
and contains the oxygen atom above mentioned. The evidence that with 


Previous papers this series have appeared follows:— 

Memoirs Coll. Sci. Kyoto Imp. Univ., Series IX, No. (1925), 98. 

II, The Sexagint (being collection papers dedicated Prof. Yukichi Osaka his 
pupils celebration his 60th Birthday), (1927), 143. 
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hydrogen chloride forms similar addition compound was shown briefly 
the second paper this series. ether and water molecules, 
however, the similar radicals are attached the oxygen atom, while 
methyl alcohol the two are different from each other. Hence, though 
methyl alcohol able form the addition compound with hydrogen chlor- 
ide, the kind the reaction may its nature somewhat different from 
those with methyl ether and water. 

Carter and proved the formation chloride from the 
mixtures dry alcohol and dry hydrogen chloride 18°C., but 
exact quantitative study the reaction seems have been published. The 
formation methyl chloride may illustrated the addition reaction 
between the components and the subsequent decomposition the resulting 
substance into methyl chloride and water, may shown the ex- 

The formation the halogen alkyl has also been considered some 
investigators take place this way. Thus, from the results the reac- 
tions between alcohols and halogen acids, Norris and came 
the conclusion: “It seems probable. the reaction between 
and halogen acid consists the addition the two compounds and the 
subsequent elimination water. The ease with which the two separate 
steps occur determines whether reaction takes place not under the con- 
dition used.” 

The object the experiments herein deseribed obtain some in- 
formation the addition reaction between methyl alcohol and hydrogen 
chloride the gaseous state under the influence the second reaction, 
that second reaction takes place. 


Experimental Part. 


Materials. alcohol high grade Kahl- 
baum was employed. This was distilled first with lime and then with an- 
hydrous copper sulphate three times respectively. The methyl alcohol 
thus dried was kept glass bottle, tightly sealed. Through all the 
experiments, this same material was used. 

the case the measurements its pressures was sealed 
small tube Pyrex glass the same manner was previously adopted 
the case the acid. 


(1) Chem. Soc., 125 (1924) 963. 
Am. Chem. (1920), 2093. 
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Hydrogen chloride:—It was prepared the usual method adding 
cone. sulphuric acid hydrochloric acid. This was thoroughly dried 
way which will described later. 

The weights the hydrogen chloride used the pressure measure- 
ments could not determined directly. Hence, they were found 
calculation from its pressures measured. 

Apparatus and Experimental Procedure. For the measurements 
the gaseous pressures, the apparatus which had previously been used the 
case the system was here employed again. The general con- 
struction the apparatus conduct hydrogen chloride from its generator 
into the apparatus for the measurements the pressures, shown 
Fig. which not drawn scale. 


Liquid Air Solid CO. 
Alcohol 


The gas generator and the conducting tubes were all made ordinary 
glass. The conducting tubes were connected the measuring apparatus, 
which was made Pyrex glass, the ground joint, The wax for 
sealing the joint was prevented from direct contact with the gas being 
covered with layer pure dry mercury. The U-tube, with pure dry 
mercury was employed cut off the direct communication the measuring 


q 
| 
Fig. 
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apparatus with the reservoir the hydrogen chloride. Therefore, the 
passage the gas from its generator the measuring apparatus was con- 
structed entirely glass, that the gas could never come contact with 
materials but glass and mercury. 

chloride from its generator, was dried being passed 
through CaCl, and cone. H,SO, tubes successively and then through the 
cooling tube, which was immersed mixture solid carbon dioxide 
and Dewar flask. The gas thus dried was first driven out 
through the exit, until the air the generator was nearly swept out with 
the gas, when the conducting tube was sealed off the The 
cooling tube, which served the reservoir the hydrogen chloride, was 
then immersed liquid air. When suitable quantity the gas was 
solidified the tube, the tube was sealed off 

The exhaustion the measuring apparatus and the reservoir the 
hydrogen chloride was first alternately carried out means mercury 
pump, the cocks and being opened alternately, not allow the gas 
the measuring apparatus. order remove the foreign gases which 
may been occluded the solid hydrogen chloride, the reservoir when 
fairly well exhausted was for while detached from the liquid air. Mean- 
while the pumping was continued, the cock, alone being now opened. 
After this operation the reservoir was again immersed the liquid air and 
the pumping was continued until vacuum was reached, the degree 
which was such that the Geissler tube, was covered with fluorescence, 
when the conducting tube was sealed Before sealing off the tube, 
the measuring apparatus and the reservoir were once more subjected 
the pumping, being now allowed communicate with each other lower- 
ing the level bulb, the hydrogen chloride was allowed 
evaporate and the required amount was introduced into the measur- 
ing apparatus suitably adjusting its cooling. The apparatus was sealed 
off 

the case measuring the pressures the mixtures, before the 
mixing the two materials, the pressures the hydrogen chloride alone 
were measured 50°C., higher temperatures being avoided lest the sample 
tube the methyl alcohol, should broken thermal expansion 
the material. 

The methods measuring the pressures and also mixing the two 
materials were the same employed the case the study the system 
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Results the Experiments. For the purpose carrying out the 
theoretical calculation the partial pressures each component gas, which 
will given later, the pressures the single gases were first measured. 
The results the experiments with the gaseous alcohol are summa- 
rized Table The amounts methyl used ranged from 0.15508 
0.5565 gr. The volume the reaction vessel was about but 
varied somewhat every experiment. the amounts the 


sample used were converted the weight per litre. These are given 
column The pressures the hydrogen chloride observed are given 
column Table The results the experiments with the mixtures are 
Temperature: 70°C. Temperature: 90°C. 
gr. gr. 

0.23129 154.54 0.23124 163.87 
0.35129 233.85 0.35122 
0.45679 302.74 0.15670 
0.48005 319.42 339.07 
0.64458 426.40 0.61445 453.90 
Temperature: 110°C. Temperature: 130°C. 

0.23119 172.67 0.23115 181.41 
0.26679 198.08 208.54 
0.29562 220.56 0.29557 231.82 
261.95 0.35108 276.64 
339.84 0.45652 357.97 
0.64432 480.01 0.61420 506.29 


q A | 
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(1) The change the volume reaction vessel with temperature was calculated from 
the linear expansion coefficient 0.0000031 Pyrex glass. 
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2.—Hydrogen chloride. 


(calc.)=0.0024904; 
Volume the reaction vessel™ 


Pressure Pressure 
obs. cale. 
mm. mm. 
207.57 207.57 
220.47 220.41 
233.20 233.23 
110 246.00 
130 259.10 258.87 
Volume reaction vessel 
25°C. 240.847 c.c. 
Pressure Pressure 
obs. calc. 
267.99 267.99 
284.47 284.51 
300.95 301.07 
110 317.59 317.63 
130 333.97 334.18 
Volume the reaction vessel 
25°C.= 240.145 c.c. 
obs. 
wae mm. mm. 
337.14 337.14 
358.10 358.01 
378.82 378.88 
110 399.77 399.73 
130 421.29 


t 
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TABLE 


Experiment 


Weight CH,OH gr. (=0.0019527 mol); 
Pressure HCl 50°C.=193.50 mm.; 
Volume reaction vessel (less vol. glass tube) 


| . gr. mm. mm. | mm. mm. | e 
110 193.20 229.29 422.5 421.2 1.3 
Experiment 
Weight CH,OH taken=0.05477 gr. (=0.0017096 mol); 
Pressure HC] 50°C.=331.64 mm.; 
Volume reaction vessel (less vol. glass tube) 
(per litre) cale. obs. 
110 0.22707 169.70 393.04 


The volumes the reaction vessel 25°C. given this table are distinguished from 
those Table showing the volume the vessel minus the volume the glass the 
sample tube. For the calculation the mols hydrogen chloride from its data 50°C. 
the volume the alcohol sealed the tubes, which given the brackets, was 

again subtracted from that the vessel just mentioned 50°C. 
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TaBLE (continued). 
Weight CH,OH taken=0.07178 gr. (=0.0022405 mol); 
Mol calculated 0.0024710; 
Volume reaction vessel (less vol. glass tube) 
gr. mm. mm. mm. 
0.29886 245.65 468.6 467.0 
130 234.34 258.85 493.2 492.0 
Experiment 
Weight CH,OH gr. (=0.0022309 mol); 
Pressure 50°C.=113.33 mm.; 
Mol calculated =0.0013508 
Volume reaction vessel (less vol. glass tube) 
gr. mm. mm. mm. 
110 0.29742 221.9 134.22 356.1 355.2 
Experiment 
Weight CH,OH taken =0.12032 gr. (=0.0037557 mol); 
Volume reaction vessel (less vol. glass tube) 
0.49955 351.7 407.49 759.20 753.29 
110 0.49946 371.9 801.80 797.40 
130 0.49936 391.9 45290 841.60 
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TABLE (continued). 


Experiment 
Weight CH,OH taken=0.14140 gr. (=0.0044137 mol); 
Volume reaction vessel (less vol. glass tube) 


Weight 


gr. mm. mm. mm. mm. 
110 0.58803 438.1 269.49 707.6 703.60 4.0 
130 461.9 283.92 742.47 
Experiment 
Weight CH,OH taken=0.10400 gr. mol); 
Volume reaction vessel (less vol. glass tube) 
gr. mm. mm. mm. 
0.43412 241.29 546.8 543.8 3.0 
110 0.43404 323.0 254.80 577.8 
130 0.43395 340.2 268.20 608.4 606.6 
Experiment 
Volume reaction vessel (less vol. glass tube) 
gr. mm. mm. mm. 
0.34985 232.4 335.84 568.2 563.3 
260.6 374.97 635.6 632.7 2.9 
130 0.34964 274.1 395.00 669.1 666.9 2.2 


plotted against weight Fig. 
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TABLE (continued). 


Volume reaction vessel (less vol. glass tube) 


0.39309 260.5 165.40 

0.39301 276.9 176.00 

0.39293 292.6 185.76 
0.39286 308.2 195.70 


Experiment 10. 


Pressure 50°C.=199.57 mm.; 


Volume reaction vessel (less vol. glass tube) 


Weight 


0.32165 214.0 211.80 
227.1 224.16 
0.32153 236.48 
0.32146 252.2 249.20 


Theoretical Part. 


physik. Chem., (1903), 348. 


Experiment 


Weight CH,OH taken gr. (=0.0029544 mol); 


Calculation the Pressures the Single Gases. 
The pressures the gaseous methyl given Table are shown 
will seen that though the values 
the pressures observed differ somewhat from those Ramsay and 
they change regularly with the weights taken and give series straight 


obs. 

mm. 
424.10 2.8 
450.70 
476.79 1.6 
502.67 

P 

obs. 

mm. 
422.9 2.9 
449.1 2.2 
474.6 1.6 
1.2 

Methyl alcohol 


cale. 
452.9 
110 478.4 
130 
Temp. 
451.3 
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lines which nearly pass through the origin the co-ordinates. irregu- 
larities the pressure change are found through the whole series. Hence, 
the partial pressures which the methyl would exert behaved 


Pressure 


Fig. 


independently the other component the gaseous mixtures may found 
graphically with sufficient accuracy means the curves The 
partial pressures Shown Table are those which were found 
this way, the weights per litre being employed, which the weights the 
substance actually taken were converted. 

Hydrogen chloride :—In the second paper this series the pressures 
hydrogen chloride were calculated means van der Waals’ equation 


changes and with temperature being allowed for van Laar’s equa- 
tions for their temperature coefficients 


= 
by = be 


was shown previously, measured atmospheres and the 
volume which the quantity gas concerned would occupy the normal 
state, then the value equal 1/273.09. 
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The calculated values and hydrogen chloride 323.09° and 
343.09°K. respectively are follows 
The values above 343.09°K. are given the second paper. 


For mols the gas, Equation (1) may written the following 
form 


22412 m)* 


Solving Equation for v’, obtain 


for the real root. Then, substituting the experimental values Equation 


(3), mols hydrogen chloride can For the purpose the 
calculation, the experimental data 50°C. given Table were employed. 
The results the are shown the same table. The last column 
the table contains the pressures the hydrogen chloride the tempera- 
tures given column means Equation (1) employing each 
value above obtained. 

From Table will seen that 110°C., the theoretical and 

experimental values the pressures are good agreement within 0.1 mm, 
Hence, 110°C., Equation (1) will available with sufficient accuracy 
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within for the the partial pressures which the 
hydrogen chloride would exert behaved independently the other 
component the mixtures. 130°C., discrepancy 0.2 0.7 mm. may 
found, that this case the corrections due the discrepancy must 
applied the theoretical values. 

The partial pressures the hydrogen chloride the mixtures thus 
calculated are given under Table this table, the mols the 
hydrogen chloride were calculated from the experimental data 50°C. given 
the same table. 

Discussion the Results. comparison the values the total 
pressures Dalton’s law with those observed shows evidently 
the occurrence pressure diminution the mixing the two gases. The 
last column Table contains the pressure diminutions. 

elucidate the cause the diminution from the chemical standpoint, 
least the following two reactions must taken into consideration 


Reaction [I], considered Norris and Mulliken, the primary 
reaction the ester formation halogen acid. The addition compound 
thus formed will then decomposed into methyl chloride and water 
ultimately. the other hand, may possible that methyl chloride 


undergoes hydrolytic decomposition, however trivial amount, although 
generally believed that such decomposition, takes place all, must 


accomplished with great difficulty. this case, however, probable 
that the methyl chloride and water will also primarily make the addition 


reaction and will again produce Therefore, the second 
reaction the ester formation will expressed the balanced action 
above shown. 

constant volume respectively, then, usual, they are given the 


Co 


which with the suffixes are concentration terms equilibrium. 


if 
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Let and the mols aleohol and hydrogen chloride 
initially taken the fraction the alcohol transformed 
equilibrium the dissociation degree the addition compound equili- 
the volume the reaction vessel measured Then the 
equilibrium constants can represented the expressions— 


Mar 


the total pressure the system equilibrium which the 
existence the two reactions assumed, and that which the mixture 
would exert the component gases independently each other, 


then 

> 
wherefore 


Substituting thus found Equation (4a), there obtained 


where 

For very small magnitudes Equation (7) reduced that which 
was obtained the case the system and will approximately 
regulate the equilibrium the absence the second The values 
given Table are those which were Equation (7) 
which was put zero. Column and the table contain the mols 
the methyl and the hydrogen chloride initially taken respectively, 
column contains the ratios the larger value the smaller one 
and and column the substances which were taken excess the 


other component. 
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TABLE 


i 1 
1.10 HCl 689 985 1413 1991 

1.44 721 968 1385 1932 

39725 56821 2.32 HCl 688 956 1407 1931 
Mean 700 995 1424 1985 

Deviation (%) 1.71 3.08 2.49 3.53 


The deviation each value from its mean small. But, 
there may pointed out some peculiarities the deviation. Thus, within 
experimental error the values appear increase, the one hand, 
with the approaching the values and each other far the 
total mols are constant, and the other, with the increase the total mols. 
The deviation must caused neglecting the terms containing 
The values change with the proportions which the two gases are 
mixed, and will easily shown that case given total mols the 
two gases initially taken attains maximum value when 

order test the effect the terms containing upon the values 
several values were tried. The iesults the calculation show that 
the deviation each value from its mean value becomes smaller with 
the increase the maximum values and then seems become again 
greater. Table gives the results only three cases which the maximum 
values assigned are 0.7, 0.8 and 0.9 90°C. Each value 
used the calculation put brackets below the respective figure for 


The results Exp. are not harmony with the others. Hence they are omitted from 
the calculation the mean values Ky’. 
(2) Combining Equation (4a) with (5a), there obtained 


Providing const., and will deduced from Equation Then 
can proved that vanishes when m’/2 and that for this value 


negative. 
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Shidei. 
TABLE 
(70°C.) (110°C.) (130°C.) 
667 953 1407 1993 
(0.70) (0.72) (0.75) (0.78) 
644 932 1355 1925 
(0.70) (0.72) (0.75) (0.78) 
(0.70) (0.72) (0.75) 
668 976 1366 
(0.68) (0.70) (0.72) 
1013 1419 1928 
(0.70) (0.73) 
673 916 1324 1861 
(0.65) (0.67) (0.70) (0.73) 
670 920 1352 1885 
(0.65) (0.67) (0.70) (0.72) 
662 946 1347 183 
(0.60) (0.62) (0.65) (0.67) 
654 918 1365 1885 
Deviation (%) 1.19 2.60 1.90 2.95 
(70°C.) (90°C.) (110°C.) (130°C.) 
925 1377 1952 
(0.78) (0.80) (0.82) (0.85) 
622 904 1326 1882 
(0.78) (0.80) (0.82 (0.85) 
911 1342 1987 
(0.80) (0.82) (0.85) 
(0.76) (0.78) (0.80) 
980 1380 1877 
(0.78) (0.80) (0.83) 
640 877 1281 1812 
(0.76) (0.78) (0.80) (0.82) 
648 895 1324 1851 
(0.75) (0.77 (0.79) (0.81) 
643 927 1322 1800 
(0.73) (0.75) (0.77) (0.80) 
635 902 1347 1863 
Mean 640 920 1338 1878 
Deviation (%) 1.07 2.63 1.61 2.49 


the Deviation Gaseous Mixtures from Dalton’s Law Partial Pressures etc. 


(continued). 


575 833 1247 1703 
(0.88) (0.90) (0.92) (0.95) 
554 808 1198 1638 
(0.88) (0.90) (0.92) (0.95) 
763 1132 1752 
(0.90) (0.92) (0.93) 
601 892 1255 
(0.86) (0.88) (0.90) 
921 1304 1782 
(0.86) (0.88) (0.90) 
580 800 1179 1701 
(0.85) (0.87) (0.89) (0.90) 
606 842 1255 1760 
612 888 1273 1741 
(0.83) (0.85) (0.87) (0.89) 
608 864 1302 1811 
(0.80) (0.82) (0.84) 
591 846 1238 1736 
Deviation (%) 


3.07 4.79 3.71 2.39 


From the table will seen that the deviation all the temperatures 
studied minimum when the maximum value assigned 0.8 
90°C. value taken its most probable value, then the values 
the experiments given above. But the pressure diminution observed here 
very small and the influence the terms given above upon the values 
not remarkable unless the values should very large above shown. 
Then, whether these values really the true values not must 
ascertained direct experiment. hoped, therefore, obtain further 
experimental data this point. 


Summary. 


The gaseous pressures methyl alcohol several amounts have 
been measured temperatures ranging from 130°C. shown that 
the pressures measured when plotted against the weights contained litre, 
which the weights actually taken were converted, give series excellent 
straight lines which nearly pass through the origin the co-ordinates. 

The pressures gaseous hydrogen chloride have been measured 
over the temperature range, 50° 130°C. These are shown good 


Shidei. 


agreement with those which are calculated van der Waals’ equation, 
changes his constants with temperature being allowed for van Laar’s 
equations. 

Measurements have been carried out the deviation from Dalton’s 
law temperatures between 70° and 130°C. mixtures several proportions 
hydrogen chloride and alcohol. The deviation discussed from 
the assumption the existence the two reactions 

CH,OH+HCl 
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